Objective. To develop American College of Rheumatology (ACR) recommendations for patient-reported Functional Status Assessment Measures (FSAMs) for use in routine clinical practice in patients with rheumatoid arthritis (RA).
INTRODUCTION
Functional status is an important outcome in rheumatology and relates to measures of functioning that capture the interaction between a person's health condition and their ability to participate in activities (1) . Poor functional status is associated with work disability (2) , poor quality of life (3) , and is one of the strongest predictors of mortality in rheumatoid arthritis (RA) (2, (4) (5) (6) (7) . Functional status assessment measures (FSAMs) may be used in assessment of prognosis and aid in RA treatment decisions. Because of its importance, functional status assessment is included in guidelines for rheumatologic care for a number of conditions including RA (8) . Assessment of functional status is captured by an American College of Rheumatology (ACR) RA quality measure (9) and is included in the Merit-Based Incentive Payment System, 1 of 2 payment tracks under the Quality Payment Program in the US emphasizing a value-based payment model (10) .
In 2012 the ACR published recommendations on 6 RA disease activity measures (11) . While no formalized document for ACR FSAM recommendations was developed, current ACR guidelines list collection of a standardized, validated FSAM as a key principle of RA treatment (8) and cite examples of commonly used FSAMs, including the Health Assessment Questionnaire (HAQ) disability index (DI), HAQ-II, Multidimensional HAQ (MDHAQ), and Patient-Reported Outcomes Measurement Information System (PROMIS) FSAMs, but do not make specific recommendations about their use in clinical practice. This work to provide initial recommendations on RA FSAMs was performed in parallel to an ACR workgroup updating the ACR's prior RA disease activity instrument recommendations.
The objectives of the RA FSAM workgroup were to provide RA patient-reported FSAMs meeting a minimum standard for regular use and preferred RA patient-reported FSAMs for regular use. These objectives reflect the fact that feasibility and clinical efficiency are important considerations in functional status assessment, supplementing minimum instrument performance standards.
METHODS
Study design. The ACR convened a workgroup of rheumatology professionals and rheumatologists to evaluate and recommend RA FSAMs. The workgroup developed a protocol and presented the process and preliminary findings at the 2017 ACR Annual Scientific Meeting in San Diego, California and obtained public comment following that presentation.
Search strategy. We conducted a systematic literature review, adhering to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis checklist (12) . We searched Medline, Embase, Cochrane Library, and the Cumulative Index of Nursing and Allied Health databases, from study inception to March 16, 2017 . We devised search terms according to a published search strategy for finding studies on measurement properties of patientreported outcome instruments (13) from the Consensus-Based Standards for the selection of Health Measurement Instruments (COSMIN) group (URL: http://www.cosmin.nl/). This strategy uses MeSH terms and keywords across 3 themes: construct search (for assessment of functional status), population search (RA), and instrument search (including terms for instruments of interest, e.g., questionnaires, etc.). The Boolean search operator "AND" was used to combine the 3 search themes (see Supplementary Appendix A, available on the Arthritis Care & Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24040/ abstract). We manually searched the reference lists of included articles to identify potentially relevant studies. Additionally, we contacted content experts to ensure search completeness. We reviewed reference lists of relevant published reviews. Included articles were hand-searched for any additional relevant publications.
Eligibility criteria and article selection.
We included studies with the primary objective of developing, validating, or establishing psychometric properties of patient-reported FSAMs in RA. We applied the following exclusion criteria: non-English publications, studies validating FSAMs in non-RA populations, performance-based measures (e.g., grip strength, walk tests, etc.), FSAMs that assessed a single extremity or body part, and studies using FSAMs to validate another instrument (e.g., assessing validity of joint ultrasound using FSAMs). We excluded health-related quality of life measures or multidimensional measures including function as a single construct among many (e.g., Short Form 36 ) and studies only evaluating the cross-cultural validity of FSAMs.
Two reviewers (CEHB and JZ) first independently screened titles and abstracts to determine eligible studies for full text review and then conducted a full text review of eligible studies independently in duplicate. Disagreements between reviewers were resolved by discussion between reviewers or with a third reviewer (KM) when necessary.
Data abstraction and study quality assessment. Two of the 3 independent reviewers (CEHB, JZ, or VB) conducted data abstraction in duplicate for 15% of included articles to obtain consistent abstraction. A single reviewer (CEHB) abstracted the remaining studies with additional spot-checking of data abstraction performed by a second reviewer (VB). All measure characteristics, including details on measure items, administration time, scoring, and interpretation were abstracted. FSAMs with limited publications in RA (≤3) and/or not commonly used in the US (as evidenced in the ACR's Rheumatology Informatics System for Effectiveness [RISE] registry [14] ) were not further evaluated for methodologic quality using COSMIN as it was unlikely such measures would be recommended for use due to feasibility concerns.
We rated the methodologic quality of included studies using COSMIN checklists (15) . Briefly, COSMIN is a standardized tool for assessing study properties including internal consistency, reliability, measurement error, content validity, structural validity, hypothesis testing, cross-cultural validity, responsiveness, and interpretability. For each measurement property, a checklist of 5-18 items is completed and rated on a 4-point scale (poor, fair, good, or excellent) based on predefined criteria. An overall score for each property is based on the lowest score for each checklist. To assess the study psychometric result quality, we | 1533 employed a rating scheme using criteria proposed by Terwee et al (16) as modified by Dobson et al (17) .
Although not rated using the 4-point scale, COSMIN reporting also includes standardized abstraction of items relating to the interpretability of the measurement property (including percentage of missing items and handling of missing items, adequate sample size, floor and ceiling effects, and minimum important change or minimum important difference) and the generalizability of the study (including population characteristics and study setting) (16) .
Level of evidence.
We provided the level of evidence for each individual FSAM psychometric property, considering all studies evaluating each property and their result using criteria proposed by Hendrikx et al (18) (Table 1 ). Each RA FSAM psychometric property received a level of evidence rating of strong (+++ or − − − ), moderate (++ or − − ), limited (+ or − ), conflicting (±), or unknown (?) ( Table 2 ). Three authors (CEHB, JZ, and VB) defined the level of evidence, with disagreements settled by a fourth author (KM).
Feasibility. Although evaluating the administration feasibility of FSAMs is not part of COSMIN, the workgroup agreed it is integral to making a recommendation for routine clinical use. An overall feasibility assessment for each FSAM was based on the following criteria: number of questions, whether computerbased administration was required, and associated costs or use licenses. The overall feasibility was scored as very feasible = +++, moderately feasible = ++, feasible = +, and not feasible = − . Selection process. Ten workgroup members identified and selected by the ACR Quality Measures Subcommittee Chairs, including clinicians and researchers with expertise in functional status measurement and an ACR Quality Measures Subcommittee Liaison (see Supplementary Appendix A, available on the Arthritis Care & Research web site at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.24040/ abstract) participated in a modified Delphi process to provide recommendations for the routine use of each FSAM. Only FSAMs with an overall assessment of adequate psychometric properties and feasibility (a rating of at least + on both) were reviewed. Members were given the study protocol and systematic review, including all COSMIN ratings and overall assessments. Prior to proceeding, members rated their comfort level with the study protocol and transparency, including the proposed modified Delphi process. During each of 3 rounds of the modified Delphi process, members rated each FSAM for ACR recommendation on a scale of 1 to 9 (where 1 = not recommended and 9 = essential to have). Following each round, members reviewed the results prior to re-rating. Following Round 2, workgroup members participated in a conference call to review and discuss the voting results, followed by a final round of voting. FSAMs were recommended if >80% of members (all but 1 member) rated the FSAM in the 7-9 range and excluded if >80% of ratings were in the 1-3 range, following best practices (19) . FSAMs not achieving recommendation for inclusion or exclusion were deemed inconclusive. FSAMs deemed inconclusive at the end of voting remained on the list of measures fulfilling the minimum standard. The ACR Quality Measures Subcommittee reviewed these recommendations in parallel with the recommendations on functional status assessment, modifying as necessary based upon the goal of identifying preferred tools for regular use in most clinic settings, before voting. The ACR Quality of Care Committee and ACR Board of Directors reviewed and approved this article prior to publication.
RESULTS
A total of 11,835 articles underwent title and abstract screening; of those, 649 were eligible for full text review during which 571 articles were excluded ( Figure 1 ). We identified 3 additional articles through hand searches, resulting in 81 included articles. After excluding 25 articles that were not based on the HAQ or PROMIS, 56 were subjected to COSMIN review, including 48 on HAQ-derived and 8 on PROMIS-derived instruments. Internal consistency. There was moderate evidence for all HAQ-derived measures and the PROMIS PF CAT, which were the instruments with available internal consis tency data ( Table 2 and Supplementary Appendix A, available at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24040/ abstract). Cronbach's alpha was the most commonly reported internal consistency assessment and was always acceptable (α = 0.70-0.95) when reported. ‡ Due to substantial heterogeneity in the evaluation of responsiveness, due to a lack of a functional status gold standard, only the quality of the studies was considered, not the result. § Overall assessment: + was assigned if the measures demonstrated adequate psychometric qualities (i.e., the measure is valid for use in routine clinical practice and captures functional status and can be reliably followed over time), ++ was assigned if, in addition, the measure had evidence of superior development methodology resulting in a more robust measure with improved floor/ceiling effects, and +++ was assigned if there was an abundance of evidence supporting a superiorly developed measure. Ratings of -were reserved for measures without any evidence of basic validity for use in routine clinical practice. Reliability. The most common type of reliability testing, test-retest reliability, was usually assessed by interclass correlation coefficient (ICC). Reported ICCs were >0.7 for most domains (see Supplementary Appendix A, available at http://onlin e libr ary.wiley.com/doi/10.1002/acr.24040/ abstract). The HAQ DI reached a moderate reliability due to a single good COSMINrated study. Both the M-HAQ and MDHAQ had indeterminate reliability ratings because of only poor-quality studies. PROMIS measures had very limited reliability data and achieved a limited reliability rating for one FSAM.
Measurement error. According to COSMIN, the preferred measurement error statistics for classical test theory (CTT)-based studies are, in order of preference, standard error of measurement, limits of agreement, and smallest detectable change. Measurement error was only reported for the HAQ DI, M-HAQ, and PROMIS PF CAT, and each used a different method, which made comparisons challenging (see Supplementary Appendix A, available at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24040/ abstract). The HAQ DI had only poor-quality studies, leading to an indeterminate assessment. The M-HAQ had a single fair-quality study that only provided 95% confidence intervals, supporting greater precision with an Item Response Theory (IRT)-based FSAM combining the SF-36 and M-HAQ than a non-IRT based measure (20) . IRT-based measures use an item bank with specific questions related to a domain of health (21, 22) that are evaluated for their correlation with a latent trait, in this case physical function (23) . For the PROMIS PF CAT, study methods precluded COS-MIN rating (24) . However, results of the single study showed the PROMIS PF CAT had higher precision than the HAQ DI, based on root mean square errors. No study reported minimum important change, which should be greater than measurement error (16) . Their high-quality study demonstrated that the PROMIS physical function item bank more comprehensively reflected all areas of RA-related physical function according to the ICF core set.
Structural validity. COSMIN structural validity reflects
the "degree to which the scores of an instrument are an adequate reflection of the dimensionality of the construct to be measured" (i.e., functional status) (15) . Factor anal-ysis is the preferred CTT method, while IRT methods may also check item dimensionality. For good FSAM structural validity, factors should explain at least 50% of the variance (17) . We identified 10 studies evaluating structural validity for the HAQ DI, M-HAQ, MDHAQ, and HAQ-II (see Supplementary Appendix A, available at http://onlin elibr ary.wiley. com/doi/10.1002/acr.24040/ abstract). Not all reported the percentage of variance explained by the models, because many used IRT-based methods, making comparisons challenging. In IRT, the model fit is examined to ensure the model reflects the true relationship between the underlying construct and the item response (28) . Fit (or conversely misfit) of items describes the relationship between predicted and observed responses (28) . One excellent study on the HAQ DI (29) yielded an overall strong weighting for structural validity despite lower-quality studies suggesting some misfitting HAQ items. We found 3 studies on M-HAQ (1 excellent, 1 fair, and 1 poor quality). However, the results of the methodologically strongest M-HAQ study concluded that an IRT-based scale combining the M-HAQ and SF-36 physical function scale had improved model fit versus the M-HAQ alone (20) . The fairand poor-quality studies identified misfitting M-HAQ items (2, 30) . A single, fair-quality HAQ-II study (2) demonstrated excellent structural validity compared to the HAQ DI, M-HAQ, and MDHAQ; however, limited evidence led to an overall low rating. The MDHAQ received a limited negative overall rating based upon 1 poor-(30) and 1 fair-quality study (2) , which concluded the MDHAQ had 3 misfitting items. No study reported structural validity for the PROMIS-related measures in RA populations.
Criterion validity.
Criterion validity assesses the degree to which instrument scores adequately reflect a gold standard. While there is no gold standard for RA FSAMs, in the case of HAQ-derived measures, the HAQ DI is considered the gold standard. Criterion validity evidence was assessed for the M-HAQ and HAQ-II (see Supplementary Appendix A, available at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24040/ abstract). Given the fact that there were multiple studies of fair quality (2, (31) (32) (33) , the M-HAQ was assigned a moderate level of evidence. The HAQ-II received a limited evidence level based on a single fair-quality study (2) .
Convergent validity.
We found many instruments and variables assessing convergent validity between FSAMs, leading to heterogeneous results (see Supplementary Appendix A, available at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24040/ abstract). Evidence of convergent validity was found for all instruments. However, the quality and number of studies varied, yielding a moderate level of evidence for all FSAMs except for HAQ-II. With only 1 fair-quality study, the HAQ-II received a limited rating (2).
Responsiveness.
Responsiveness reflects an instrument's ability to detect change over time when true change has occurred. We identified responsiveness evidence for all FSAMs except the MDHAQ (see Supplementary Appendix A, available at http://onlin elibr ary.wiley.com/doi/10.1002/ acr.24040/ abstract). COSMIN stipulates that hypotheses about expected change scores or correlations between instrument change scores and changes in other variables should be expressed. Hypotheses about expected effect size or similar measures including standardized response means can also be used when explicit hypotheses are made. Heterogeneity in approach across studies made comparisons using our selected approach difficult. Furthermore, FSAM responsiveness testing used disparate comparator outcomes (e.g., patient's perception of change, pain, disease activity, etc.). Based only on study quality (and not the results due to significant reporting heterogeneity), we found moderate evidence for the HAQ DI, HAQ-II, M-HAQ, and all PROMIS measures.
Floor and ceiling effects. According to the results of a study by Terwee et al (16) , fewer than 15% of respondents achieve the highest or lowest possible scores in good quality instruments. Where evaluated, the M-HAQ had high percentages of patients with the lowest scores leading to an unfavorable overall rating. There was mixed information about the HAQ. The HAQ-II, MDHAQ, and PROMIS measures achieved moderate ratings (see Supplementary Appendix A, available at http:// onlin elibr ary.wiley.com/doi/10.1002/acr.24040/ abstract).
Results of feasibility.
While the HAQ DI, M-HAQ, MDHAQ, HAQ-II, and the PROMIS measures are all feasible because they are in current use in clinical practice, the shorter FSAMs (the M-HAQ, MDHAQ, HAQ-II, and PROMIS PF10a) received higher feasibility ratings ( Table 3 ). The PROMIS PF CAT received a lower rating due to computer and proprietary software requirements.
Delphi selection of recommended measures.
The results from the modified Delphi process are shown in Table 4 . The PROMIS PF10a and HAQ-II reached consensus for recommended use and no FSAMs reached consensus for exclusion. Among FSAMs without consensus, the M-HAQ had the lowest mean panelist score and the MDHAQ had the highest mean score (3.1 and 6.6, respectively).
The ACR Quality Measures Subcommittee approved these 2 recommendations with only 1 modification, which was the additional recommendation of the MDHAQ. The MDHAQ was included in the measures for preferred use based upon Delphi rating, feasibility, current use, and strength of its inclusion in the prior (11) and concurrent (34) ACR RA disease activity measure recommendations within the Routine Assessment of Patient Index Data 3 (RAPID3), considerations beyond this current work that focused solely on function.
DISCUSSION
This work represents the first ACR recommendations on FSAMs for use in routine clinical practice in RA. It provides a systematic literature review and synthesis of the psychometric properties of widely used FSAMs as well as a modified Delphi expert panel process to assess the feasibility of routine clinical use. Only 3 FSAMs were recommended: the PROMIS PF10a, HAQ-II, and MDHAQ. Consensus for recommendation was not reached for an additional 4 measures (the HAQ DI, M-HAQ, PROMIS PF20a, and PROMIS PF CAT). These 4 additional FSAMs will be monitored for inclusion in future recommendations along with any new instruments. Importantly, an inconclusive recommendation when applied to the 4 mea sures in this article should not necessarily prevent these mea sures from being used. Rather, it highlights the fact that more information is necessary before recommending widespread use of these 4 measures over other measures.
The HAQ DI (35) is one of the oldest and most widelyused patient-reported FSAMs in rheumatology. A variety of adaptations of the HAQ DI were later developed to shorten the Institutes of Health initiative that aims to create a more efficient and precise resource for patient outcome measurement when compared to existing legacy instruments for use in a wide variety of chronic disease conditions (21) . PROMIS measures evaluate physical, mental, and social health across different chronic conditions (37) and general population health (21) . Although most FSAMs were developed using CTT, the PROMIS measures were developed using modern IRT methods. PROMIS measures are available in static short forms with a fixed number of questions and also as computer adaptive tests, which adapt to the ability level of the respondent. The results of all PROMIS measures are normalized to the US population and reported with a T score (mean ± SD 50 ± 10). The PROMIS physical function measures evaluated in our study included the 10-and 20-item static forms (the PF10a and PF20a) and the PROMIS PF CAT. However, only the PROMIS PF10a was recommended by our panelists. While the PROMIS physical function measures were developed using rigorous methods and tested extensively in the general population and populations with chronic disease (22, 38, 39) , there were few studies specific to patients with RA (24, (40) (41) (42) (43) (44) (45) , impacting panelist ratings. Panelists concluded that the shorter 10-item instrument was likely more feasible for routine use in the clinic than the 20-item survey. While the adaptive PROMIS PF CAT usually requires the fewest items, the computer and proprietary software requirements reduced its feasibility.
The HAQ-II is a 10-item questionnaire developed using Rasch analysis and IRT-based methodology. Instrument development was aimed at addressing 4 main issues identified with the original HAQ DI and its derivatives: removing misfitting items, maximizing scale length, eliminating items with overlapping difficulties, and eliminating gaps in measurement along the continuum of functional status assessment (2) . The resulting instrument includes 5 items from the original HAQ DI plus 5 new items. When compared to the M-HAQ, MDHAQ, and HAQ DI, the HAQ-II better captures the disability continuum. Gaps in the measurement of disability were found in all scales evaluated except the HAQ-II, indicating that the HAQ-II has the most favorable psychometric properties of the HAQ-derived instruments. The HAQ-II also has the least floor effect among the evaluated HAQ-derived measures.
Although the HAQ DI is the legacy FSAM, and has been extensively tested and used worldwide, its psychometric properties when compared to the HAQ-II and the newer PROMIS measures were felt to be less favorable. Additionally, the length and relatively complex scoring of the HAQ DI led to lower panelist ratings.
The MDHAQ was designed as a shorter version of the HAQ DI and includes 10 items (all items from the M-HAQ plus 2 additional items) (32) . While the MDHAQ has greater feasibility than the original HAQ DI and more favorable psychometric properties compared to the M-HAQ (36), it performs less well when compared to the HAQ-II (2) or the PROMIS measures (44) . A limitation in our assessment of the MDHAQ is that we did not evaluate the literature on the RAPID3 measure (46) . The RAPID3 is a patient-reported disease activity tool that includes the MDHAQ, a measure of pain, and a patient global score (46) . The psychometric and clinometric properties of the RAPID3 have been reviewed by the ACR RA Disease Activity Workgroup, which recommended the RAPID3 as an effective measure of RA disease activity. RAPID3 is also the most commonly collected disease activity measure in the RISE registry (14) . Given this, we additionally recommend the MDHAQ as a preferred FSAM. The 8-item M-HAQ is derived from the HAQ DI (using 1 question from each domain) and is the shortest measure evaluated (22) . Although the M-HAQ is highly correlated to the HAQ DI (32) , the M-HAQ has significant floor effects and may not be as sensitive to clinical changes as longer scales (2) . The panel did not reach consensus for excluding the M-HAQ; however, it received the lowest scores of all the FSAMs evaluated.
Our study had a number of strengths, including the rigorous and transparent methodologic assessment of the measures combined with expert opinion; however, there are some limitations. We did not subject all FSAMs to COSMIN assessment and consideration by our expert panel because it was felt unlikely that measures not already commonly used in the US would be included in our final recommendations. Therefore, it is possible that measures with highly favorable psychometric properties were not considered in generating our recommendations. Additionally, our review was conducted while only considering RA-specific data and English-language publications, and it is possible this limited the evidence on which our recommendations were based. After our systematic review was completed, the COSMIN group updated their checklist (47) , and the study ratings could be different if the updated checklist was used. Given that the overall panelist ratings on the FSAMs weighed not only the psychometric properties as evaluated by COSMIN but also measured feasibility, it is less likely that the overall outcome of the process would have varied greatly from our present results by using the updated checklist. Patients were not involved in the panel, given the significant methodologic expertise required for the project; however, this work will inform ongoing measure development work, which includes patient partners. Lastly, given the paucity of psychometric data on some measures, further research in this area is warranted and it is possible that some of the recommendations may change in the future as a result of new findings.
In conclusion, we have presented the first ACR recommendations on FSAMs for routine use in clinical practice to be used for the assessment of functional status in RA, based on a rigorous systematic review and expert panel process. Although we only recommend 3 FSAMs, this work should not preclude the use of other identified measures but rather encourage the use of measures with the most favorable psychometric properties while highlighting the need for ongoing research in this area.
